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Introduction

2
Crystal polymorphism, 1 the phenomenon of different crystal forms of the same molecule that have different arrangements and/or conformations in the solid state, has been known for more than 180 years since the 1832 report of the polymorphism of benzamide. 2 Different crystal forms display different physico-chemical properties such as melting point, dissolution rate, solubility and bioavailability. [3] [4] [5] Compounds that crystallize with Z' > 1, i.e., more than one molecule in the asymmetric unit, are of considerable interest because there is some debate concerning the (likely multiple) explanations of the occurrence of structures with Z′ > 1. It has been suggested that the phenomenon may arise from crystal nucleation and growth factors, and/or that crystals may pack with a high Z′ asymmetric unit for structural reasons arising from limitations on the optimal packing of the molecular shape and simultaneous accommodation of optimal intermolecular interactions. 6 A variety of explanations have been put forward to rationalize structures with high
Z' values and current opinion has been summarised in a recent review. 7 It may well be the case that because the Z′ parameter is a simple one encompassing complex solid state behaviour, there may well be a number of different underlying causes depending on the system studied. In some cases it has been shown that structures with Z' > 1 are less stable than their Z' = 1 counterparts, 8 while in other cases structures with Z′ > 1 have no known Z′ = 1 polymorph or a higher Z′ structure is in fact the most stable. 7 Elucidating the relative stability of polymorphic systems involving both Z′ > 1 and Z′ = 1 forms can make a considerable impact on this debate as the body of evidence grows. In this work, we report preparation and analysis of two polymorphs of (Z)-3-Bromopropenoic acid, a simple halogen-containing unsaturated carboxylic acid. (Z)-3-Halopropenoic acids are of interest because they have been reported to have specific cotton defoliating activity and crop desiccant properties. 
Results and Discussion
3
Crystal and Molecular Structure Description of Forms I and II
The crystallization of (Z)-3-Bromopropenoic acid (BPA) was attempted using a variety of different crystallization methods including slow evaporation of various solvents; melt and sublimation techniques. BPA has three hydrogen bond donors and two oxygen atom acceptors.
The screening resulted in the isolation of two different polymorphic modifications dubbed forms I and II. Form I was obtained by slow evaporation of saturated solution of ethanol under ambient conditions. The single crystal X-ray structure analysis revealed that the Form I crystallizes in space group P2 1 /c with Z' = 1. Crystallographic parameters are given in Table 1 . Arrangement of the molecules in three-dimensions in the crystal lattice is shown in Figure 1 (b) . Figure 1 Hirshfeld surface analysis of the two structures using the program Crystal Explorer 14 clearly highlights the major differences in the interactions in the two forms. The carboxylic acid dimer hydrogen bond is common to both forms and is evident as two large spikes at the bottom right of each plot. However this interaction is not likely to be structure directing. The evident difference in the two polymorphs is the much grater prevalnce of CHO interactions in form II (seen as additional spurs either side of the main OHO interactions, which are far less evident in form I ( Figure 6 ). In Form I, each molecule participates in two hydrogen bonds while in Form II each symmetry independent molecule participates in six hydrogen bonds given the added CHO interactions. Hence this polymorphic pair exhibits a higher density, better packed thermodynamically stable Form I and a lower density Form II with more directional interactions.
The dominant effect of weaker interactions in determining polymorphic form has been noted previously. 15 The role of increased CHO interactions in stabilizing high Z′ > 1 polymorphs has also been commented on. 
Experimental Section Synthesis of (Z)-3-Bromopropenoic acid
Synthesis of (Z)-3-bromopropenoic acid was carried out as reported in the literature. Single-crystal X-ray Diffraction. Details of the single crystal X-ray diffraction intensity measurements and refinements are given in Table 1 . All operations were performed on a BrukerNonius Kappa Apex2 diffractometer, using graphite-monochromated MoK radiation (λ=0.7107 Å). All diffractometer manipulations, including data collection, integration, scaling, and absorption corrections for these forms were carried out using the Bruker Apex2 software.
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Preliminary cell constants were obtained from three sets of 12 frames. Data collection for Forms I and II was carried out at 120K, using a frame time of 20 sec and a detector distance of 60 mm.
The optimized strategy used for data collection consisted of four phi and six omega scan sets, with 0.5 steps in phi or omega. From the systematic absences, the observed metric constants and intensity statistics, space groups P2 1 /c and P2 1 /n were chosen for Forms I & II respectively at the beginning; subsequent solution and refinement confirmed the correctness of the choice. The structures were solved using SIR92 and subsequent electron-density difference syntheses 20 and refined (full-matrix-least squares) using the Oxford University Crystals for Windows program. 21, 22 All non-hydrogen atoms were refined using anisotropic displacement parameters, while H atoms were refined using isotropic displacement parameters. Crystallographic data 
